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Technical Field 

The invention is directed to pharmaceuticals 
which are useful in diseases characterized by unwanted 
collagenase activity. More specifically, the invention 
15 concerns substituted or unsubstituted hydroxyureas and 
reverse hydroxamates and which include fused or 
conjugated bicycloaryl substituents. 

Background Art 

20 There are a number of enzymes which effect the 

breakdown of structural proteins and which are struc- 
turally related metalloproteases . These include hiiman 
skin fibroblast collagenase, human skin fibroblast 
gelatinase, hiimsm sputum collagenase and gelatinase, and 

25 human stromelysin. These are zinc- containing metallo- 
protease enzymes, as are the suagiotens in -converting 
enzymes and the enkephalinases . 

Collagenase and related enzymes are important 
in mediating the synptomology of a number of diseases, 

30 including rheumatoid arthritis (Mullins, D.E. , et al., 

Biochim Bioohvs Acta (1983) 695:117-214) ; the metastasis 
of tumor cells ( ibid. . Broadhurst, M. J. , et al., EP 
application 276436 (1987), Reich, R. , et al,, Cance?; R^p 
(1988) Afi.:3307-3312) ; and various ulcerated conditions. 

35 
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Ulcerative conditions can restzlt in tlie cornea as tiie 
result of allcali biims or as a result of infection by 
Pseudomonas ao-mginnga, . a^an^haTnne>l^a . Herpes ^implex and 
vaccinia viruses. Otlier conditions characterized by 
5 xinvTanted matrix metalloprotease activity dLnclude perio- 
dontal disease, epidermolysis bullosa and scleritis. 

In view of tbe involvement of collagenase in a 
number of disease conditions, attenpts have been made to 
prepare inhibitors to this enzyme. A number of such 

10 inhibitors are disclosed in EP applications 126,974 

(published 1984) and 159,396 (published 1985) assigned to 
G.D. Searle. These inhibitors are secondary amines which 
contain oxo substituents at the 2 -position in both 
Slabs tituents bonded to the amino nitrogen. 

15 More closely related to the compoxinds of the 

present invention are those disclosed in U.S. patents 
4,599,361 and 4,743,587, also assigned to G.D. Searle. 
These confounds are hydroxy lamine dipeptide derivatives 
which contain, as a paart of the con5)ound, a tyrosine or 

20 derivatized tyrosine residue or certain analogs thereof - 

Other confounds that contain sulfhydryl 
moieties as well as residues of aromatic amino acids such 
as phenylalanine and tryptophan are disclosed in PC^ 
application WO88/06890. Some of these compoxmds also 

25 contain i- butyl side chains. 

Inhibitors have also been disclosed for the 
related protease, thermolysin. These include hydroxamic 
peptide derivatives described by Nishino, N. , et al.. 
Biochemistry (1979) 18:4340-4347; Nishino, N. , et al., 

30 Biochemistry (1978) i2:2846-2850 . Tryptophan is also 
known to be therapeutic in various conditions, some of 
which may involve collagenase (see, for e xamp le, JP 
57/058626; U.S. 4,698,342; 4,291,048). Also, inhibitors 
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of bacterial collagenases have been disclosed in U.S. 
4,558,034. 



described below have superior inhibiting activity with 
respect to matrix metalloproteases. The invention 
compounds add to the repertoire of agents available for 
the treatment of conditions and diseases which are 
characterized by unitfanted activity by the class of 
proteins which destroy structural proteins and designated 
"matrix metalloprotease" herein. 

Disclosure of the Invention 

The invention provides new conrpoaxnds which are 
useful as inhibitors of matrix metalloproteases and which 
are effective in treating conditions characterized by 
excess activity of these enzymes. In addition, these 
con5>ounds Ccui be used to purify matrix metalloproteases 
and to detect increased levels of matrix metalloproteases 
in vivo. The compounds take advantage of the incorpor- 
ation of tryptophan or other fused or conjugated 
bicycloaromatic amino acid residues into a substituted or 
unsubstituted reverse hydroxamate- or a hydroxyurea- 
derivatized matrix metalloprotease inhibitor. 

Accordingly, in one aspect, the invention is 
directed to con^Dounds of the formula: 



It has now been found that the con5)ounds 




n 



(1) 



or 



35 
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y- /CH I - C=CCON- CHCOX 

rV r^r^ R"^R^ 



5 wherein each R^ is independently H or alkyl (1- 

8C) and is alkyl {1-8C) or wherein the proximal R^ and 
R^ taken together are -(^2^p' wherein p = 3-5; 
R^ is H or alkyl (1-4C) ; 

R'^ is fused or conjugated unsiibstituted or 
10 substituted bicycloaryl methylene; 

n is 0, 1 or 2; 
m is 0 or 1; and 

X is OR^ or NHR^, wherein is H or sxibsti- 
tuted or unsubstituted alkyl {1-12C) , aryl {6-12C) , aryl 
15 alkyl (6-16C) ; or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; 

Y is selected from the group consisting of 
20 r'^ONR^CONR^-, r^^N^O^^^*^-' R^CONOr"^-, wherein each R^ 

is independently H or lower alkyl (1-4C) ; R*^ is H, lower 
alkyl (1-4C) or an acyl group. 

Also included within the scope of the invention 
are compoimds wherein the *C0NR"'- amide bond shown is 
25 replaced by a modified isosteric bond, such as -CH2NR*^-, 
-CH^CHR^-, -CH=CR^-, -COCHR^-, -CHOHCHR^-, -NR^CO- , 
-CF=CR-'-, and the like. 

These compounds have the ability to inhibit at 
least one mammalian matrix metalloprotease. Accordingly, 
30 in other aspects, the invention is directed to pharma- 
ceutical conpositions containing the compoimds of formula 
1 or 2,. to methods of treating diseases characterized by 
matrix metalloprotease activity using these compounds or 
the pharmaceutical compositions thereof. Matrix metallo- 

35 
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proteases at a particularly undesired location can be 
targeted by conjugating the compounds of the invention to 
a targeting ligand specific for a marker at that location 
such as an antibody or fragment thereof or a receptor 
5 ligand. 

The invention is also directed to various other 
processes which take advantage of the unique properties 
of these corcpounds. Thus, in another aspect, the 
invention is directed to the coii5)ounds of formulas 1 or 2 

10 conjugated to solid supports. These conjugates can be 
used as affinity reagents for the purification of a 
desired matrix metalloprotease. 

In another aspect, the invention is directed to 
the conqpounds of formula 1 or 2 conjugated to label. As 

15 the con?>ounds of the invention selectively bind to at 

least one matrix metalloprotease, the label can be used 
to detect the presence of unusually large amounts of 
matrix metalloprotease in vivo or is vityp cell culture. 

In addition, the confounds of formula 1 or 2 

20 can be conjugated to carriers which permit the use of 
these con?>o\inds in immunization protocols to prepare 
antibodies specifically immunoreactive with the compounds 
of the invention. These antibodies are then useful both 
in therapy and in monitoring the dosage of the 

25 inhibitors. 

In still another aspect, the invention is 
directed to methods to prepare the compounds of formulas 
1 and 2 and to novel intermediates in their preparation. 

30 Brief Description of the Drawinors 

Figure 1 is a graph which shows the effect of 
the inhibitor of the invention on corneal bums using a 
clinical scoring method. 
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Figure 2 shows the corresponding effect of the 
compound of the invention on corneal bxirns using a 
perforation criterion. 

5 Mori^H of C aT-ryina Orf Tnvention 

The invention compounds are inhibitors of 
mammalian matrix metalloproteases. As used herein, 
..mammalian matrix metalloprotease" means any enzyme found 
in mammalian sources which is capable of catalyzing the 

10 breakdown of collagen, gelatin or proteoglycan under 

suitable assay conditions. Appropriate assay conditions 
can be found, for example, in U.S. patent 4,743,587, 
which references the procedure of Cawston, et al.. Ssal 
Bis^^ (1979) 2£r340-345, use of a synthetic substrate 

15 is described by Weingarten, H. , et al., Bior n^-m ^iophYS 
Res Comm (1984) 13£:1184-1187. Any standard method for 
analyzing the breakdown of these structural proteins can, 
of course, be used. The matrix metalloprotease enzymes 
referred to in the herein invention are all zinc- 

20 containing proteases which are similar in structure to, 
for exaii5>le, human stromelysin or skin fibroblast 

collagenase . 

The ability of candidate con??ounds to inhibit 
matrix metalloprotease activity can, of course, be tested 
25 in the assays described above. Isolated matrix metallo- 
protease enzymes can be used to confirm the inhibiting 
activity of the invention conqpounds, or crude extracts 
which contain the range of enzymes capable of tissue 

breadcdown can be used. 
30 The invention coii5>ounds can be considered to 

coni)rise two components linked by an amide or modified 
amide bond. One conqponent is siJbstituted or 
unsubstituted hydroxyurea or reverse hydroxamate 
derivative of a dicarboxylic acid backbone, wherein the 

35 
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alternate carboxyl group forms the amide or modified bond 
with an amino acid or analog thereof. The amino acid or 
analog is the residue of an amino acid or analog which 
contains a fused or conjugated bicycloaromatic system, 
such as a tryptophan residue or a naphthylalanyl resxdue. 
This residue can also be amidated or can be extended by 
one or two additional amino acid residues. Thus, the 
con^^ounds of the invention can be prepared by the methods 

described below. 

The dicarboxylic acid residue in formula l 
contains at least one and, in some instances, two or more 
chiral centers. Either configuration at any chxral 
center is included within the invention, as are mixtures 
of con?.ounds containing the two possible configurations 
at each point of chirality. However, it is generally 
found that a particular configuration at each of these 
chiral centers is preferred. Similarly, in the compounds 
of formula 2, the double bond can be either the cis or 
trans configuration. In this case, also, one or the 
20 other configuration for a particular set of embodiments 
will be preferred. The carbon to which R is bound a.s 
chiral in both formulas. While both configurations are 
included in the invention, that corresponding to an L- 
amino acid is preferred. ^ 
25 The amide bond shown as -CONR - in the 

compounds of formulas 1 and 2 may be in "modified 
isosteric" form. Coii?,ounds of the invention where this 
is the case are preferred when oral administration is 
desirable. By "modified isosteric form" is meant that in 
lieu of the functionality -CONR^., the compound has 
instead a moiety such as those selected from the group 
consisting of -CE^J^^ - . -CH-NR^, -COCHR^-, -CH{OH)HR , 

-ch{oh)chr3-. .cschr^-, -ch=cr3_, cf-cr3 CO-. 



30 
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As used herein, «alkyl" has its conventional 
meaning as a straight chain, branched chain or cyclic 
saturated hydrocarbyl residue such as methyl, ethyl, 
isobutyl, cyclohexyl, t-butyl or the like- The alkyl 
5 substituents of the invention are of the number of 
carbons noted which may be substituted with 1 or 2 
substituents- Substituents are generally those which do 
not interfere with the activity of the compoxind, 
including hydroxyl, "CBZ, " amino, and the like. Aryl 
10 refers to aromatic ring systems such as phenyl, naphthyl, 
pyridyl, quinolyl, indolyl, and the like; aryl alkyl 
refers to aryl residues linked to the position indicated 
through an alkyl residue. In all cases the aryl. portion 
may be substituted or unsubstituted. "Acyl" refers to a 
15 substituent of the formula RCO- wherein R is alkyl or 

arylalkyl as above -defined. The number of carbons in the 
acyl group is generally 1-15; however, as the acyl 
substituent is readily hydrolyzed is vivO/ the nature of 
the group is relatively xinizrqportant . "Cyclic amines" 
20 refer to those amines where the nitrogen is part of a 
heterocyclic ring, such as piperidine, "heterocyclic 
amines" refer to such heterocycles which contain an 
additional heteroatom, such as morpholine. 

In the coir5)Ounds of formula 1, preferred 
25 embodiments for R*^ and R^ include those wherein each R""" 
is H or Me and R^ is alkyl of 3-8C, especially isobutyl, 
2 -methyl butyl, or isopropyl. Especially preferred is 
isobutyl. Preferred also are those compounds of formula 
1 or 2 wherein n=l or m=l. 
30 In both formula 1 and 2 coir?>oimds, preferred 

embodiments of R^ are H and methyl, especially H. 

R^ is a fused or conjugated bicyclo aromatic 
system linked through a methylene group to the molecule. 
By "fused or conjugated bicyclo aromatic system" is meant 
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a two- ringed system with aromatic character which may, 
further, contain one or more heteroatoms such as S, N, or 
O. When a heteroatom such as N is included, the system 
as it forms a part of formula (1) or (2) . may contain an 
5 acyl protecting group (1-5C) attached to the nitrogen. 
Representative bicyclo fused aromatic systems include 
naphthyl, indolyl, quinolinyl, and isoquinolinyl . 
Representative conjugated systems include biphenyl, 
4-phenylpyrimidyl, 3-phenylpyridyl and the like. In all 

XO cases, any available position of the fused or conjugated 
bicyclic system can be used for attachment through the 
methylene. The fused or conjugated aromatic system may 
further be substituted by 1-2 alkyl (1-4C) residues 
and/or hydroxy or any ring nitrogens may be acylated. 

15 Preferred acylation is acetylation. 

Preferred embodiments of R* include 1- (2 -methyl 
naphthyl) methylene; 1-quinolyl methylene; 1- naphthyl 
methylene; 2 -naphthyl methylene; 1-isoquinolyl methylene; 
3-isoquinolyl methylene; 3 - thionaphthenyl methylene; 

20 3 - cumaronyl methylene ; 3 - ( 5 -methyl indolyl ) methylene ; 
3 - ( 5 - hydroxy indolyl ) methylene ; 3 - { 2 - hydroaqrindolyl ) - 
methylene; biphenyl methylene; and 4-phenylpyrimidyl 
methylene; and the substituted forms thereof. 

Many of these substituents as part of an amino 

25 acid residue are described in Greenstein and Winitz, 

"Chemistry of the Amino Acids" (1961) 3:2731-2741 (John 

Wiley & Sons, NY) . ^ 

A particularly preferred embodiment of R is 
3 -indolyl methylene or its N- acylated derivative- -i.e. , 
that embodiment wherein the "C- terminal" amino acid is a 



30 



tryptophan residue or a protected form thereof. A 
preferred configuration at the carbon to which R is 
bound is that corresponding to L- tryptophan. 



35 



wo 92/09563 



PCr/OS9I/08722 



-10- 



Preferred embodiments of X are those of the 
formula NHR^ wherein is H, substituted or unsubsti- 
tuted alkyl (1-12C) or aryl alkyl (6-l2C> . Particularly 
preferred substitutions on are a hydroxyl group, or a 
5 phenylmethoxycarbamyl (CBZ) residue. In addition, the 
compound may be extended by embodiments wherein X is an 
additional amino acid residue, particularly a glycyl 
residue, which may also be amidated as described. 

10 -Ph^-r^ p^utir np^ nf th ^ roTtinounda of the Invgptjpn 

As set forth in the Background section above, a 
number of diseases are known to be mediated by excess or 
vmdesired matrix- destroying metalloprotease activity. 
These include tumor metastasis, rheumatoid arthritis, 

15 skin inflammation, ulcerations, particularly of the 

cornea, reaction to infection, and the like. Thus, the 
coni)ounds of the invention are useful in therapy with 
regard to conditions involving this unwanted activity. 
The invention con¥>ounds can therefore be 

20 formulated into pharmaceutical cor^ositions for use in 
treatment or prophylaxis of these conditions. Standard 
pharmaceutical formulation techniques are used, such as 
those disclosed in p»n.^TncT^,on-3 Phaimaceuri rf^J, ggjenceg , 
Rlack Publishing Company, Easton, PA, latest edition. 

25 For indications to be treated systemically, it 

is preferred that the can?>o\inds be injected. These 
conditions include rheumatoid arthritis and tumor 
metastasis. The compotinds can be formulated for 
injection using excipients conventional for such purpose 

30 such as physiological saline. Hank's solution. Ringer's 
solution, and the like. Injection can be intravenous, 
intramuscular, intraperitoneal or subcutaneous. Dosage 
levels are of the order of O.l /ig/kg of subject to 
1 mg/kg of subject, depending, of course, on the nature 

35 
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of the condition, the nature of the subject, .the particu- 
lar embodiment of the invention compounds chosen, and the 
nature of the formulation and route of administration. 

in addition to administration by injection, the 
5 compounds of the invention can also be formulated into 
conpositions for transdermal or transmucosal delivery by 
including agents which effect penetration of these 
tissues, such as bile salts, fusidic acid derivatives, 
cholic acid, and the like. The invention compounds can 
10 also be used in liposome -based delivery systems and in 
formulations for topical and oral administration 
depending on the nature of the condition to be treated, 
oral administration is especially advantageous for those 
con5)ounds wherein the moiety -CONR^- is in a modified 
15 isosteric form. These coir5>ounds resist the hydrolytic 

action of the digestive tract. Oral formulations include 
syrups, tablets, capsules, and the like, or the compound 
may be administered in food or juice. 

The inhibitors of the invention can be targeted 
20 to specific locations where the matrix metalloprotease is 
accumulated by using targeting ligands. For example, to 
focus the inhibitors to matrix metalloprotease contained 
in a tumor, the inhibitor is conjugated to an antibody or 
fragment thereof which is immunoreactive with a tumor 
25 marker as is generally understood in the preparation of 
immunotoxins in general. The targeting ligand can also 
be a ligand suitable for a receptor which is present on 
the tumor. Any targeting ligand which specifically 
reacts with a marker for the intended target tissue can 
30 be used. Methods for coupling the invention compound to 
the targeting ligand are well known and are similar to 
those described below for coupling to carrier. The 
conjugates are formulated and administered ^s described 
above. 
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For localized conditions, topical adminis- 
tration is preferred. For example, to treat ulcerated 
cornea, direct application to the affected eye may employ 
a formulation as eyedrops or aerosol. For corneal 
treatment, the compounds of the invention can also be 
formulated as gels or ointments, or can be incorporated 
into collagen or a hydrophilic polymer shield. The 
materials can also be inserted as a contact lens or 
reservoir or as a subconjunctival formulation. For 
treatment of skin inflammation, the compound is applxed 
locally and topically, in a gel. paste, salve or 
ointment. The mode of treatment thus reflects the nature 
of the condition and suitable formulations for any 
selected route are available in the art. 

Particular topical conditions that are suscep- 
tible to treatment using the compounds of the invention 
include stomach ulcers, superficial wounds of any type, 
epidermolysis bullosa, various forms of skin cancer, and 
pen?,higus. It is well known that collagenase is involved 
in the progress of stomach ulcers, as described by 
Hasabe, T., et al., .T KrP Clin Mfed (1987) 1^:181-190; 
Ozaki, I., et al., ffr ^ Tin .T r^gtroPTil-Prol. $^pp^ (T^orway) 
(1989) 16:138-141. Collagenase is also found in marginal 
wound tissue as reviewed by Bfiillins, D.E., et al., 
25 ^^--^^^ T.^r.r.y.^^ Acta (1983) ^:177-214, and patients 
showing iii5>aired wound healing are known to have 
increased collagenase activity in the wound tissue. For 
exait5>le, Hennesey, P.J., et al., J PPdiat Surq (1990) 
a£-75-78, showed this to be the case in diabetes; Sank, 
30 A., et al.. «»T^erv (1989) ifll: 1141- 1148, demonstrated 

this enhanced collagenase activity in paraplegia, chronxc 
renal failure, and Cushings disease. Thus, the 
collagenase inhibitors of the invention are useful in any 
ulcerative skin condition, including, for example. 
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decubitus ulcers, or other conditions where wound healing 
is slow; other conditions susceptible to treatment by the 
compounds of the invention include corneal or scleral 
melting associated with keratomalacia, scleromalacia 
5 perforans and connective tissue diseases. 

This is also the case with respect to wounds 
inflicted in the course of medical treat m e n t . It has 
been demonstrated that collagenase inhibitors enhance the 
strength of suture lines and suture holding capacity in 

10 intestinal anastomoses in rats (Hogstrom, H., et al.. Res 
Exp Med (1985) 185 :451-455. Other topical conditions 
responsive to the collagenase inhibitors of the invention 
include epidermolysis bullosa where increased collagenase 
activity has been demonstrated ( Perez -Tamayo, R., Am ij 

15 Path (1978) 3^:509-566, pp. 539-54X) . It is also known 
that collagenase activity is increased in the stroma 
surrounding basal cell carcinoma and throughout tximor 
stromas in ulcerated basal cell carcinoma (Childer, S., 
J.W., et al., J Am Acad Dermatol (1987) ^7: 1025-1032) . 

20 Further, the matrix metalloprotease inhibitors 

of the invention are useful in the treatment of septic 
shock and in the treatment of adult respiratory distress 
syndrome (ARDS) . The role of plasma proteases in septic 
shock has been shown by Colman, R.C., New Ena J Med 

25 (1989) 320 :1207-1210. and the participation of neutrophil 
proteases in both septic shock and ARDS has been shown by 
Idell, S,, et al., &titi p^p Respir Pis (1985) 112:1098- 
1105. In the case of these conditions, the compoiuids of 
the invention protect the connective tissue directly from 

30 digestion by matrix metalloproteases as well as prevent 
the degradation of collagen and therefore prevention of 
known chemotaxis of neutrophils toward collagen fragments 
(Werb, Z., in "Textbook of Rheumatology," Kelley, W.N. , 
et al., eds. (1989) W.B, Saunders, Philadelphia, 3rd ed.. 
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pp. 300-320) , The compounds of the invention also 
prevent the inactivation of plasma protease inhibitors by 
matrix metalloprot eases (Werb, Z. supra ) . 

In all of the foregoing, of course, the 
5 compounds of the invention can be administered alone or 
as mixtures, and the compositions may further include 
additional drugs or excipients as appropriate for the 
indication. 

Some of the con?)Ounds of the invention also 
10 inhibit bacterial metalloprot eases although generally at 
a lower level than that exhibited with respect to 
mainmalian metalloproteases . Some bacterial 
metallc^roteases seem to be less dependent on the 
stereochemistry of the inhibitor, whereas substantial 
15 differences are found between diastereomers in their 
ability to inactivate the mammalian proteases. Thus, 
this pattern of activity can be used to distinguish 
between the mammalian and bacterial enzymes. 

20 P-repara.t.-i nn and Use of Antibodies 

The invention coni>ounds can also be utilized in 
inmunization protocols to obtain antisera immunospecif ic 
for the invention confounds. As the invention compounds 
are relatively small haptens, they are advantageously 

25 coupled to antigenically neutral carriers such as the 
conventionally used keyhole liii?)et hemocyanin (KLH) or 
serum =nvnnn-in carriers. Coupling to carrier can be done 
by methods generally known in the art; the -COX 
fxinctionality of the invention ccHi^JOunds offers a 

30 paxticularly convenient site for application of these 

techniques. For exaxaple, the COX residue can be reduced 
to an aldehyde and coupled to carrier through reaction 
with sidechain amino groups in protein-based carriers, 
optionally followed by reduction of imino linkage formed. 
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The COX residue wherein X=OH can also be reacted with 
sidechain amino groups using condensing agents such as 
dicyclohexyl carbodiimide or other carbodiimide 
dehydrating agents. Linker compounds can also be used to 
5 effect the coupling; both homobifunctional and heterobi- 
functional linkers are available from Pierce Chemical 
Cort^jany, Rockford, IL. Con?>ounds 31-34 described in the 
examples below are designed to be coupled to 
antigenically neutral carriers through their C-terminal 

10 carboxyl groups (or amino groups in compound 32) using 
appropriate coupling agents. 

The resulting iitmunogenic con5>lex can then be 
injected into suitable manimalian subjects such as mice, 
rabbits, and the like. Suitable protocols involve 

15 repeated injection of the immunogen in the presence of 

adjuvants according to a schedule which boosts production 
of antibodies in the serum. The titers of the isamme 
serum can readily be measured using immunoassay proce- 
dures, now standard in the art. enploying the invention 

20 contpounds as antigens. 

The antisera obtained can be used directly or 
monoclonal ^tibodies may be obtained by harvesting the 
peripheral blood lymphocytes or the spleen of the 
imnninized animal and immortalizing the antibody- producing 
25 cells, followed by identifying the suitable antibody 
producers using standard immunoassay techniques. 

The polyclonal or monoclonal preparations are 
then useful in monitoring therapy or prophylaxis regimens 
involving the con?>ounds of the invention. Suitalale 
san?)les such as those derived from blood, serum, urine, 
or saliva can be tested for the presence of the 
administered inhibitor at various times during the 
treatment protocol using standard immunoassay techniques 
which employ, the antibody preparations of the invention. 



30 



35 



wo 92/09563 



PCr/US91/08722 



-16- 



10 



THe invention coiii)ounds can also be coupled to 
labels such as scintigraphic labels, e.g., technetium 99 
or 1-131, using standard coupling methods. The labeled 
compounds are administered to subjects to determine the 
locations of excess amounts of one or more matrix 
metalloproteases is vi^. The ability of the inhibitors 
to selectively bind matrix metalloprotease is thus taken 
advantage of to map the distribution of these enzymes 
in situ . The techniques can also, of course, be eaiployed 
in histological procedures and the labeled invention 
con?>ounds can be used in coii5>etitive immunoassays. 



nsA As Af f-iri-it^Y liiaands 

The invention compounds can be coupled to solid 

15 sv5>ports, such as separation membranes, chromatographic 
supports such as agarose, sepharose, polyacrylamide . and 
the like, or to microti ter plates to obtain affinity 
supports useful in purification of various mammalian 
matrix metalloproteases. The selective binding of the 

20 matrix metalloproteases to the inhibitor ligand permits 
the adsorption of the desired enzyme and its subsequent 
elution using, for example, altered ionic strength and/or 
pH conditions, 

25 P-rP^ parati p n nf the T i ;iv^ntion Compounds 

The reverse hydroxamates and hydrosqrureas are 
more stable biologically than the corresponding 
hydroxamates per se. This has been confirmed in Carter, 
G.W., et al., -T t»,=.^^rm Exd Ther (1991) 256:929-937; 

30 Jackson, W.P., et al., J Med Chem (1988) 11:499-500; 

Young, P,R., et al., f^SEl^ (1991) S:A1273; Hahn, R..A. , 
et al., .T Pharmacol Ex Ther (1991) 2S£: 94-102; Tran5)OSch. 
K.M., et al., a q«»nts Actions (1990) 10:443-450; 
Argentieri, D.C., et al.; Kimball, E., et al., ff%ii loz 
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gonf InfJ^aitgnation Reaearch Aasoc. . TOiitehaven, PA, 
September 23-27, 1990, Abstract 100; and Huang, F- , et 
al,, Med Chem (1989) 32:1836-1842. Thus, while 
somewhat more coii?>licated to synthesize, these analogs 
5 offer physiological characteristics which are 

advantageous in the applications of these conqpounds to 
therapy. 

The reverse hydroxamates and hydroxyureas of 
the invention are obtainable using the standard 

10 techniques of synthetic organic chemistry (see Challis, 
B.C., et al., "Amides and Related Compounds" in 
"Comprehensive Organic Chemistry," Barton, D., et al., 
eds. (1979) 2:1036-1045), Pergamon Press, Oxford, as 
further described below, 

15 With respect to starting materials, the 

components forming the -NR^-CHR^COX moiety are readily 
available in the case of tryptophan and its analogs as 
esters or amides. As set forth above, many analogous 
fused bicyclo aromatic amino acids are described by 

20 Greenstein and Winitz (supra) . Amino acids corresponding 
to those wherein R^ is l- (2 -methyl naphthyl) methylene; 1- 
quinolyl -methylene; 1 -naphthyl methylene; l-isoquinolyl 
methylene; and 3-isoquinolyl methylene can be prepared 
from the bicyclo aromatic methylene halides using the 

25 acetamido malonic ester synthesis of amino acids, as is 
well understood in the art. The methylene halides 
themselves CEua be prepared from their corresponding 
carboxylic acids by reduction with lithixam aluioinxjm 
hydride and bromination of the resulting alcohol with 

30 thionyl bromide. 

Depending on the fiinctional group symbolized by 
Y, the stage of synthesis at which this moiety is brought 
into the compound of the invention varies. 
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For tilose embodiments wherein. Y is R'ONR^'CONR - 
and wherein n = 0, 1 or 2, the compotinds axe prepared by 
acylating an a, jS or 7 amino acid, respectively with 
methyl or ethyl chlorof ormate, condensing the resulting 
5 amino acid with a protected form of the moiety 

-NR^CHR^COX and reacting the resulting carboethoxy 
"dipeptide" with hydroxylamine or a sxibstituted 
hydroxy lamina as described by Fieser, L.F,, et al., 
"-Reagents for Organic Synthesis" (1967) 1:479 (John Wiley 
10 & Sons, New York) . This sequence of reactions is shown, 
in Reaction Scheme 1. 
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EtOCOa + NH — /CH\ — CH— C(X)H 

r6 \r» r2 



10 



EtOCON /CH 



n 



CH—COOH 



HN— CH— COX 
+ R3 R* 



15 




GDI 



20 



EtOCON /CH 



CH— CO ^N— CH— COX 

R2 R3 R'^ 



25 



HN-OR7 



30 



R^OIjl— CON. 
R^ R6 



CH\ — CH— CO ^N— CH— COX 

R7^ R2 R3 R'^ 
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Altematively, the a, 0 or y amino acid is 
ten5>orarily protected using, for example, carbobenzoxy or 
tertiary butyl oxycarbonyl and coupling it to. tbe carboxy- 
terminal -protected amino acid moiety containing R . The 
5 protecting group is then removed by hydrogenolysis or 

acidolysis as appropriate, and the deprotected ol, ox y 
amino group is reacted with an activated carbonic acid 
such as carbonyldiimidazole . The resultant is then 
reacted with hydroxylamine or substituted hydroxylamine 
10 to obtain the desired product. This sequence of 

reactions is sxunmsLrized in Reaction Scheme 2. (In the 
formula Im-Co-Im, Im represents aji immidazole residue.) 
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Pr — N- 




— CH— COOH 



HN— CEf— COX 



10 



15 



HN- 



'Cti 

1' 



n 



CH— CO N— CI^COX 

R2 R3 R4 



20 



Im-CO— Im 
HN-OR7 



25 



R^OIjJ-CO — N — /cH 
R« r6 \ri 



CH—CO ^N— CH— COX 

R2 R3 R4 
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Tfaie appropriate a, jS or y amino acids are 
prepared by general methods as set forth by Jones, J.H. , 
et al., in Amino Acids," p- 834 (Barton, D., et al., 
eds.) ("Comprehensive Organic Chemistry" (1979) Vol. 2, 
5 Pergamon Press) . Such methods include, for exaii5)le, 
homologation by Amdt-Eistert synthesis of the 
corresponding N-protected a-amino acid and more generally 
the addition of nitrogen nucleophiles such as phthalimide 
to 01, jS -unsaturated esters, acids or nitriles. 

10 In a second class of hydroxyureas, Y has the 

formula R^^'^^^^^^'^' n is 0, 1 or 2. These coir?>ounds 

are prepared from the corresponding a, or y 
hydroxyamino acids of the formula r'^ONH(CHR^) j^CHR^COOH. 
When both are H, this intermediate is converted to the 

15 desired hydroxyurea by reaction with silicon 

tetraisocyanate, as described by Fieser and Fieser, 
"Reagents for Organic Synthesis" (1968) 1:479 (John Wiley 
& Sons, New York) . The reaction is conducted with the 
hydroxyl group protected or substituted by R . The 

20 resulting hydroxyurea is then coupled to the can?)onent of 
the formula HNR^CHR^COX to obtain the desired product. 
Alternatively, the amide is first formed and the N- 
hydroxyl dipeptide is treated with the reagent. 

Alternatively, when Y is R^HNCO-NOr"^, wherein 

25 R^ is alkyl, the above O- protected or, jS or y N- 
hydroxyamino acid is reacted with the relevant 
alkylisocyanate R^NCO to produce the desired product. 

When Y is of the formula R^2^*^*^'^^'^" wherein 
both R^ are alkyl, the or, jff or y N- hydroxyamino acid is 

30 reacted with an activated form of carbonic acid, for 

exanqple, carbonyldiimidazole or bis -p-nitrophenyl carbon- 
ate, and then with the diamine R^2^ wherein both R^ are 
alkyl groups. This is followed by deprotection, if 
desired. 
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Conditions for the foregoing can be foxind in 
the descriptions of analogous preparations for 
tripeptides as described by Nishino, N. , et al.. 
Biochemistry (1979) 18:4340-4346. 
5 The /S-N-hydroxyainino acids used as 

intermediates in the foregoing synthesis can be prepared 
by a malonic ester synthesis in which diethyl malonate is 

2 

alkylated twice, one with R -Br and then with 
benzylchloromethyl ether, for exait^ple, for the case 

10 wherein is H. The product is saponified, 

decarboxylated, hydrogenated, and oxidized to give the /8- 
aldehyde in a manner similar to the synthesis of a 
homologous aldehyde described by Kortylewicz, 2. P., et 
al,. Biochemistry (1984) 23:2083-2087. The desired 0- 

15 hydroxyamino acid is then obtained by addition of 

protected (or alkylated, if R*^ is alkyl or acylated if R7 
is acyl) hydroxylamine. The corresponding can?)ound 
wherein R^ is alkyl can be prepared dLn an analogous 
manner wherein the second alkylation utilizes benzyl -O- 

20 CHR"^C1, The homologous ketone was described by Galardy, 

R.E., et al.. Biochemistry (1985) 24:7607-7612, 

Finally, those compounds wherein Y is of the 
6 7 

formula R" CONOR - , i.e., the reverse hydroxymates , can be 
prepared by acylation of the corresponding a, /S or 7 N- 

25 hydroxy dipeptide. Alternatively, the N-hydro3Qramino 
acid can be acylated, followed by condensation to form 
the amide bond in the confounds of the invention. The 
acylation method is described by, for example^ Nishino, 
N., et al,. Biochemistry (1979) lfi:4340-4346, cited 

30 above. 

Alternatively, for those confounds wherein n=l 
and R^ is H, the compounds can be prepared by condensing 
the ylide 1, l-dimethoxy-2- (triphenylphosphoranylidene) 
ethane prepared from triphenylphosphine and 1,1- 
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dimethoxy-2-bromoetliane with 4-metliyl-2-oxopentanoic 
acid. The product is then hydrogenated to obtain 4,4- 
diinethoxy-2-isobutylbutanoic acid which is coupled to the 
moiety R^NHCHR'^COX to obtain 4,4-dimetho3qr-2- 
5 isobutylbutanoyl-NR^CHR^COX. Treatment with aqueous acid 
yields the aldehyde 2-isobutyl-4-oxobutanoyl-NR^CHR^C0X. 
The oxime is prepared by reaction with hydroxylamine and 
reduced to the corresponding N-siibstituted hydro^tylamine. 
Acylation of both the hydroxaminol oxygen and nitrogen 

10 followed by hydrolysis of the 0-acyl group provides the 
N-acyl reverse hydroxymates - ( Summers, J.B., et al., J 
Med Chem (1988) 31:1960-1964.) 

For compounds wherein -CONR^- is in modified 
isosteric form, these forms can be prepared by methods 

15 known in the art. The following references describe 
preparation of peptide analogs which include these 
alternative- linking moieties: Spatola, A.F., V^ga Data 
(March 1983), Vol. 1, Issue 3, "Peptide Backbone 
Modifications" (general review); Spatola, A.F., in 

20 "Chemistry and Biochemistry of Amino Acids Peptides and 
Proteins," B. Weinstein, eds.. Marcel Dekker, New York, 
p. 267 (1983) (general review); Morley, J.S., Tygnds 
Pharm Sci (1980) pp. 463-468 (general review) ; Hudson, 
D., et al., Tnt J Pepf Prot Res (1979) 14:177-185 

25 (-CH^IJR"^-, -CH2CHR-^-); Spatola, A.F., et al., Li,fe Sci 
(1986) 2^:1243-1249 (-CH^-S) ; Hann, M.M. , J C^eift Soc 
Perkin tt^tip? t (1982) 307-314 (-CH-CR^-, cis and trans); 
Almquist, R.G. , et al,, J Med Chem (1980) 22:1392-1398 
(-COCHR^-); Jennings -White, C. , et al., T^trgJiedron Lett 

30 (1982) 22:2533 (-COCHR-^-); Szelke, M. , et al., European 
Application BP 45665 (1982) CA: 97: 39405 (1982) 
(-CH(OH)CHR^-) ; Holladay, M.W. , et al.. Tetrahedron Lett 
(1983) 24:4401-4404 { -C (OH) - ) ; and Hruby, V.J., Lif^ 
Sci (1982) 21:189-199 (-CE2-S-). 
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The following examples are intended to 
illustrate but not to limit the invention, 

5 EXAMPLES 

In the exair5)les below, TLC solvent systems are 
as follows: (A) ethyl acetate/methanol (95:5); (B) ethyl 
acetate/methanol (25:5); (C) ethyl acetate; (D) ethyl 
acetate/methanol (30:5); (E) ethyl acetate/hexane (1:1); 
10 (F) chlorof orm/methanol/acetic acid (30:6:2); (G) 
chlorof orm/methajiol/acetic acid (85:10:1) . 

Example 1 

Preparati on of N> TP- L-2-isobutvl-3- (N' - 

15 hydroxycarbonylamido) -propanrty;!] -f ryptopha n TttfaMi yiamide 

A suspension of 5 g (0.033 mol) of the sodium 
salt of 4-methyl-2-oxopentanoic acid and 5.65 g 
(0.033 mol) of benzyl bromide in 10 ml of anhydrous 
dimethyl formamide was stirred for 4 days at room 

2 0 temperature. After evaporation of the solvent \inder 

reduced pressure the residue was diluted to 100 ml with 
hexane and washed with water (3 x 20 ml) and saturated 
sodium chloride and dried over anhydrous magnesium 
sulfate. Evaporation of solvent gave 6.4 g (88% yield) 

25 of the benzyl ester of 4-methyl-2-oxopentanoic acid (1) 
as a colorless oil. 

A mixture of 6.4 g (0.029 mol) of (i.) and 9.7 g 
(0.029 mol) of methyl (triphenylphosphoranylidene) acetate 
in 100 mil of dry methylene chloride was stirred for 12 hr 

30 at room temperature and evaporated to dryness. The 
residue was extracted with hexane (3 x 50 mL) . The 
hexane solution was washed with 10% sodium bicarbonate 
(2x30 mL) , water and saturated sodium chloride and 
dried over anhydrous magnesium sulfate. Evaporation 
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of the solvent gave 8.01 g (100% yield) of benzyl 
2 -isobutyl- 3- (methoaqrcarbonyl) -propionate (2.) as a 

mixture of E and Z isomers. 

A mixtTire of 8.01 g (0-029 mol) of (2) and 1 g 
5 of 10% palladium on carbon in 50 mL of methanol was 

hydrogenated at room teit?>erature under 4 atmospheres of 
hydrogen gas for 8 hr. After removal of the catalyst by 
filtration the filtrate was evaporated to dryness under 
reduced pressure to give 4.7 g (86% yield) of 2-iso- 
10 butyl-3-(methoxycarbonyl) -propionic acid as a 

colorless oil. 

To a mixture of 0.85 g (4.5. mmol) of (2.) and 
0.57 g (4.5 mmol) of oxalyl chloride in 10 mL of dry 
methylene chloride 0.1 mL of anhydrous dimethylf ormamide 
15 was added. After stirring for 1 hr at room ten5>erature 

the solvent was evaporated under reduced pressure and the 
residue was diluted to 5 mL with anhydrous dimethyl form- 
amide and 1.06 g (4.1 mmol) of the hydrochloride salt of 
L- tryptophan methylamide (Kortylewicz and Galardy, J Med 
20 Chem (1990) 33:263-273) was added followed by addition of 
1.3 mL (9-3 mmol) of triethylamine at -lO'C. This was 
stirred for 7 hr at room ten?)erat\ire and evaporated to 
dryness at room teni>erature under reduced pressure. The 
residue was diluted to 150 mL with ethyl acetate and 
25 washed with water (2 x 15 mL) , 10% potassium bisulfate 
{5 X 20 mL) , 10% sodium bicarbonate (2 x 20 mL) , 
saturated sodium chloride and dried over anhydrous 
magnesium siiLfate and then evaporated to give 1.6 g 
(83% yield) of N- [D . L - 2 - isobutyl - 3 - (methoxycarbonyl ) - 
30 propanoyl] -L- tryptophan methylamide 4 as a mixture of 
diastereomers , 4A and 

Isomers ^ and 4B were separated by flash 
chromatography (silica gel, ethyl acetate) . 

isomer M,' mp=134-l37»C. Rf (q)=0.37. 
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Isomer 4B: ir5>=156-158*>C. Rf (0=0.2. 
Alternatively, the mixture of 4A and 4B was 
converted directly to its hydroxamate as described below. 
In this case, 5A was crystallized from the mixture of 5A 
5 and 5B. 

A warm mixture of 0.22 g (3.96 ramol) of 
potassium hydroxide in 1 mL of methanol was added to a 
warm mixture of 0.184 g (2.65 mmol) of the hydrochloride 
salt of hydroxylamine. After cooling in ice under an 
10 argon atmosphere the potassium chloride was filtered off 
and 0.5 g (1.32 mmol) of (4A) was added to the filtrate. 
The resulting mixture was stirred for 7 hr at room 
temperature and evaporated to di^mess under reduced 
pressure. The residue was suspended in 100 mL of ethyl 
15 acetate and washed with 10 mL of 10% potassium bisulfate, 
saturated sodium chloride and dried over anhydrous 
magnesium sulfate and evaporated to dryness under reduced 
pressure. The residue was crystallized from ethyl 
acetate to give 0.28 g (56% yield) of pure 5^- 
20 Isomer 4B was converted to its corresponding 

hydroxamic acid SB (72% yield) as described for 4A. 

Isomer S^: n5>»176-182°C. (D)=0.45. 
Isomer 5Bt n^^l57-162«C, Rf(D)«0.39. 
For the case wherein the 4A/4B mixture is used, 
25 the 5A can be crystallized directly from the residue as 
described above. 

In a similar manner to that set forth above, 
but substituting for 4-methyl-2-oxopentanoic acid, 
2-oxopentanoic acid, 3-methyl-2-oxobutyric acid, 2-oxo- 
30 hexanoic acid, 5-methyl-2-oxohexanoic acid, or 2-decanoic 
acid, the corresponding con5>ounds of formula 1 are 
prepared wherein R^ is H and R^ is an n-propyl, i -propyl, 
n-butyl, 2 -methylbutyl , and n-octyl, respectively. In 
addition, following the procedures set forth hereinabove 
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in Exan?>le 1, but omitting the step of h.ydrogenating tHe 
intermediate obtained by the Wittig reaction, the corres- 
ponding con?)Ounds of formula 2 wherein R"*" is H and R is 
as set forth above are obtained, 
5 To synthesize the compounds containing acylated 

forms of the indolyl residue, the intermediate ester of 
formula 3 or 4 is deesterified and acylated prior to 
conversion to the hydroxamate. For illustration, 4A is 
deesterified with sodium hydroxide in ethanol and then 

10 acidified to give N- (L-2-isobutyl-3 -carboxypropanoyl) -L- 
tryptophan methylamide , which is treated with the 
anhydride of an alkyl (1-4C> carbosQrlic acid to obtain 
N- {L-2-isobutyl-3-carb03qrpropanoyl) -L- ( (N-acyl) indolyl) - 
tryptophan methylamide. This intermediate is then 

15 treated with oxalyl chloride followed by hydroxylamine at 
low teit^ierature to give the corresponding hydroxamate • 

Preparation of N- r2-i3ob utvl-3- (N^ -hydroxy- 
20 carbonvlamido) -oro n anovn ■D-trvDtoph^n methy?-amid^ (7B) 

The mixture of the two diastereoisomers of 
N- [2-isobutyl-3- (meth03Qrcarbonyl) -propanoyl] -D- tryptophan 
methyl amide 6A,B was prepared sis described for 4A,B in 
Example 1, The mixture was crystaJ-lized from ethyl 
25 acetate to give, after two recrystallizations, 0.26 g 
(49%) of the pxire diastereomer mp 155-157*»C, 
R^ (0=0.32. 6B was converted into its hydroxamic acid 7B 
by the method described in Example l in 50% yield 
(119 mg) : mp IBl-XBS^C, Rf(D)=0.39. 

30 
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Kyanrplft 3 

Preparation nt N- [2 - igobutvl- ^- fN^ - hvdroxvcarbonvl - 
amido) -propanny^'' -N-met-^hvl-L-t ryptophan methvlamide (9A) 
The reaction of N-methyl-L- tryptophan- 
5 methylamide, prepared as described in Exanple 1 for 

L- tryptophan methylamide, with 2 performed as described 
for 4 gave crude N- [D, L-2-isobutyl-3- (methoxycarbonyl) - 
propanoyl] -N-methyl-L- tryptophan methylamide 8A^ which 
was crystallized from ethyl acetate to give 76 mg 
10 (19% yield) of fi^: mp IVl-lTA^C, (0=0.40. 

8A was converted into 2^ by the method 
described in Example 1 in 45% yield (34 mg) : it^) 180- 
183^C, Rf(D)=0.54, 

15 Example 4 

Preparation of r2-igQbiitvl-3 - (N-hvdroxvcarbonvl amiqo) - 
propanovll -L-3- (2-naphthYl) -Sil^ri ^n^ methylamide (llA) 

N- (D,L-isobutyl-3- (methoxycarbonyl) -propanoyl] - 
L-3- (2-naphthyl) -alanine lOA was prepared as described in 
20 Exan5)le 1 from L- 3- (2-naphthyl) -alanine methylamide and 
3.. The crude product was chromatographed on 60 g of 
silica gel in ethyl acetate :hexane 1:1 to yield 12 mg 
(5% yield) of lOA ; rap 151-158«C, Rf (C)«0.69. 

lOA was converted into the hydroxamate llA as 
25 in Exan5)le 1 in 30% yield (3 mg) : mp 179-181«C, 
Rf(D)»0.17. MS-FAB (m/z) 400 (M"*" +H) . 

Example 5 

Preparation of N- r2-iaobut y1 (N' -hvdroxvcarbonvl 
30 amido) -propanoyl! -L- tryptophan 2 - hydroxvethvlamide (13A). 

The hydrochloride salt of L- tryptophan 
2-hydroxyethylamide was prepared and coupled with 2 as 
described for the hydrochloride salt of L- tryptophan 
methylamide in Exanple 1 except that 3 was activated with 
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1^1' -carbonyldiimidazole for 20 minutes in methylene 
chloride at room temperature. The crude product was a 
mixture of 0.7 g (67% yield) of the diastereoisomers 
12A.B ; R^(C) 12A 0.38, Rf (C) 12B 0.19. 
5 12A crystallized from ethyl acetate in 35% 

yield (0,18 g) : mp 161-163«C, RfCC)=0.38. 

12A was converted into N- [2-isobutyl-3- (N' - 
hydroxycarbonylamido) -propanoyl] -L- tryptophan 2-hydroxy- 
ethylamide ISA as in Exait5)le 1 in 35% yield (62 mg) : 
10 Rf(D)=0.17, rap 162-1630C. MS-FAB (m/z) 419 (M'^ +H) . 

Ryample 6 

P^^T^mtion o f w-r2>isohiitvl-3-(N' -hvdro^carbonyl 
amldo ) - propanoyl 1 - L - t r yptophan amvlamide ( 15A) 

15 The hydrochloride salt of L- tryptophan 

antylamide was prepared as described in Example 1 for 
L- tryptophan raethylamide and was reacted with 3 that had 
been activated with i, l' -carbonyldiimidazole for 20 
minutes in dichloromethane at room temperature* The 

20 mixture of the two diastereomers of N- [D,Il-2-isobutyl-3- 
(meth03^ycarbonyl ) -propanoyl! -L- tryptophan aitylamide ?-4A,B 
(90% yield) was converted to its corresponding hydroxamic 
acids as described for 4^. Slow evaporation of the 
ethylacetate solution gave 0.343 g (71%) of 15A,P: mp 

25 160-163*»C. MS-FAB (m/z) 445 {M"*" + H) - 

E^SsgDleJZ. 

Preparation of N- r2-igobu tiyl-3 - fN' -hydroxv-carbonyl 
amido) -propanovll -Ii - tryptophan piperidinamiqe (17A,B> 
30 L- tryptophan piperidinamide was reacted with 3. 

as performed in Example 1 for L- tryptophan methylamide to 
give 1.14 g (89% yield) of N- [D,L-2-isobutyl-3- 
(methoxycarbonyl) -propanoyl] -L-tryptophan piperidinamide 
16A,B as a foam; (C) (ISA) 0.74, (16B) 0.67^ 
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ISA.B was converted into crude 17A,B 
identically to 4A in Exaniple 1 in 88% yield (570 mg) : 

(D) (17A) 0.41, (17B) 0.30. Crude 1?A ^B was 
chroinatographed on 180 g of silica gel in 12% isopropanol 
5 in ethyl acetate to give 140 mg (25% yield) of 17A.B 

after crystallization from ethyl acetate: mp 169-170«»C. 
MS-FAB (m/z) 443 (M**^ + H) . 

Example 8 

10 Preparation of N- r2-isobutY^-3- -hvdroxvcarbonvl 

amido) -pronanovll -Ii-trv ^rop^^,P ^nrif^nyl^ipi ri^^ (iqa^ 

The reaction of L- tryptophan dodecylamide was 
prepared in a manner analogous to that described for 
L- tryptophan methylamide in Example 1. This ester was 

15 reacted with 3. as described in Example 1 to give crude 
N- [D,Ij-isobutyl-3- (methoxycarbonyl) -propcmol] -L- 
tryptophan dodecylamide 18A.B in 93% yield as a mixture 
of isomers 19A and 19B . This mixture was chromatographed 
on 150 g of silica gel in ethyl acetate : hexane , 1:2, to 

20 yield 0.62 g of the mixture of the two isomers: (E) 
19A 0.37, Rf (E) 19B 0.29. 

Crystallization by slow evaporation from ethyl 
acetate gave 0.38 g of ISA contaminated by approximately 
10% of 18B by TLC smd NMR analysis: mp 133-135*>C. 18A 

25 was converted to its corresponding hydroxamic acid as 

described in Example 1, except that the potassium saJ-t of 
19A crystallized from the alkaline reaction mixture in 
81% yield {222 mg) . The potassium salt of 19A (54 mg) 
was dissolved in 2 mL of boiling methanol, a few drops of 

30 water were added, and the solution was acidified to pH 6 
with 0.1 N hydrochloric acid and diluted with water to 
give 50 mg (100% yield) of 19A : mp 155-159«C, 
Rf(D)=0.49. MS- FAB (m/z) 543 (M"^ + H) . 
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Examnle 9 

Pre paration of N- r2 -isQbiit:vl-3 > -hvdrQxvcarbonvlainido) 
propanovll -Ii-trvp i-r>ph;^n f gWmethvlbenisvlamide (21A) 

The reaction of L- tryptophan (S} -methylbenssyl- 
5 amide with 3 was performed as described in Exait5)le 1 to 
give, after crystallization from ethyl acetate, 330 mg 
(51% yield) of n- [2-isobutyl-3- (methoxycarbonyl) - 
propanoyl] -L- tryptophan (S) -methylbenzylamide 20^: mp 
160-162*»C, Rf (0=0.77, 
10 2 OA was converted into hydroxamate 21A by the 

identical method used in Kxanple 1 in 38% yield (76 mg) : 
mp 165-166«C, Rf(D)-0,73. MS-FAB (m/z) 479 (M"^ + H) . 

Example 10 

15 Preparation of N- rix-2-isobut Yl-3- >hvdroxy- 

carbonvlamido) - p ropanoyn -L- tryptophan (6-pheixvl- 
methoxvcarb T'^yT aTn-i no- hescvl * 1 ) amide < 2 7A) 
To prepare i-amino-G-phenylmethoxycarbonyl- 
amino-hexane (23), aji equimolar mixture (0*01 mol) of 

20 1,6-diaminohexane and benzaldehyde in 25 mL of methylene 
chloride was stirred for 5 hr in the presence of 1.5 g of 
anhydrous magnesium sixlfate at room temperature. After 
removing the drying agent by filtration the filtrate was 
evaporated to dryness under reduced pressure to give 2 g 

25 (100% yield) of crude i-amino-6-phenylamino-hexane 22 as 
a colorless oil; NMR(CDCl3) 1.1 - 1.9 (m, lOH, hexane 
CH2-2,-3, -4,-5, NH2); 2.6(m, 2H, CH2-I) ; 3.51(m, 2H, 
hexane CE2-6) ; 7.1-7.8 (m, 5H, aromatic); 8,16 (s, IH, 
imine CH) . To a mixture of 2 g (0.01 mol) of 2Z and 

30 1.4 mL (0.01 mol) of triethylamine in 20 mL of methylene 
chloride. Then 1.78 g (0.01 mol) of benzylchlorof ormate 
was added dropwise at -5®C. The resulting itiixture was 
stirred for 0.5 hr at 0°C and for 2 hr at room ten^era- 
ture then diluted to 50 mL with methylene chloride and 
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washed with water (20 ml) , 2% sodixim bicarbonate (20 ml) , 
water and saturated sodium chloride and dried over 
anhydrous magnesiiam sulfate. After evaporation of 
solvent under reduced pressure the residue was dissolved 
5 in 5 mL of ethanol and 10 mL of 2N hydrochloric acid was 
added. The resulting mixture was stirred for 6 hr at 
room temperature then evaporated to dryness under reduced 
pressure. The residue was diluted to 50 mL with water 
and washed with ethyl ether (2 x 15 ml) . The water phase 

10 was evaporated under reduced pressure and the product 22. 
was purified by crystallization from a small portion of 
water with a yield of 42%; mp 175 -178 °C, 

To prepare the dipeptide analog (N-(L-2- 
isobutyl - 3 -methoxycarbonyl ) - propanoyl - L- tryptophan 

15 (25A) ) , for derivatization to 23,: To a mixture of 1.754 
g (9»32 mmol) of 2-isobutyl-3-methoxycarbonylpropionic 
acid 3 in 4 mL of 50% anhydrous DMF in methylene chloride 
1.66 g (10.2 mmol) of N,N' -carbonyldiimidazole (GDI) was 
added at room tenperature . After 15 minutes of stirring 

20 at room temperature, 3.08 g (9.31 mmol) of the hydro- 
chloride salt of L- tryptophan benzyl ester was added. 
The resulting mixture was stirred overnight at room 
teaqperature, then diluted to 60 mL with ethyl acetate and 
washed with 5% sodium bicarbonate (2 x 15 ml) , water 

25 (2 X 15 ml), saturated sodiiam chloride solution and dried 
over magnesium sulfate. Evaporation of the solvent under 
reduced pressure gave 4.32 g (100% yield) of 24, the 
benzyl ester of 25 as a colorless foam, which was used in 
the next step without further purification. 

30 Hydrogen gas was bxibbled through a mixture of 

4.32 g (9,31 mmol) of 24 and 0.5 g of 10% palladium on 
carbon in 15 mL of methanol for 2 hr while methanol was 
added to keep the volume of the reaction mixture 
constant. The catalyst was filtered off and washed with 
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a fresh portion of metJianol (15 ml) and the filtrate was 
evaporated to dryness tinder reduced pressure. Evapora- 
tion of the solvent under reduced pressure and drying of 
the residue in vacuo gave 3.08 g (88% yield) of acid 
5 25A.B as a mixture of two diastereoisomers , in the form 
of a colorless glassy solid- This was separated to give 
isomers 25A and 25B by flash chromatography (silica gel; 
ethyl acetate; Rf (25^) =0 . 24 , Rf (SSB) -0.1). 

The compound 25A was converted to N- [L-2- 

10 isobutyl-3-methoxycarbonylpropanoyl] -L- tryptophan 

(6-phenylmetho3cycarbonylamino-hexyl-l) amide (26A) as 
follows. A mixture of 0.55 g (1.47 mmol) of 25A and 
0.24 g (1.48 mmol) of GDI in 1 mL of 2% dimethyl formamide 
in methylene chloride was stirred for 0.5 hr at room 

15 ten?)erature and 0.42 g (1.47 mmol) of 23 was added. 

After stirring overnight at room ten5>erature , the mixture 
was diluted to 50 mL with chloroform auad washed with 2% 
potassium bisulfate (2 x 10 ml) , water (10 ml) , 5% sodium 
bicarbonate (2 x 10 ml) , water (2 x 10 ml) and saturated 

20 sodium chloride and dried over anhydrous magnesium 
sulfate. Evaporation of the solvent under reduced 
pressure gave 0.8 g of the crude 2£^ which was purified 
by. flash chromatography (silica gel; ethyl acetate /hexane 
25:5): Yield 56%; Rf(E)=0.57. 

25 When the product 26A is substituted for 4A in 

Exan5)le 1, the identical process afforded the title 
con^iovind 27^, melting at 102- 108 °C, in 46% yield; 
Rf (D) =0 . 63 . 

30 Example 11 

PT-p paf at ion o f w- TT.- 2 - isr>hii tvl - 3 - (N' - hydroxvcarbonyl - 
amido) -propanovll -L- trypto phan cvclohexvlami de (28A) 
When cycloheaylamine is substituted for 22. in 
Exaii5>le 10, the identical process afforded the title 
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con^oiind ZSE melting at 199-203 *»C, in 49% yield? 
(D)=0.51. 

Tg-iram ple 12 

5 Preparation of n- rcig-2- fN^ -hvdro xvcarbonvl- 

amido) -cvclohexylcarbonvll -L- tryptop haji methvlamide (29A,B) 
A mixture of 2 g (0.013 mol) of cis-1,2- 
cyclohexane-dicarboxylic anhydride in 15 mL of methanol 
was refluxed for 5 hr, then evaporated to dryness xinder 
10 reduced pressure to give 2*41 g (100% yield) of cis-2- 
methoxycarbonyl-cyclohexanecarboxylic acid. When this 
was substituted for 2 in Exair5>le 1, the identical process 
afforded the title compound, melting at 140-144«»C, in 36% 
yield; Rf(D)=0.53, 0.47. 

15 

Example 13 

Preparation of N- rtrang-2- (N^ - hvdroxvcarbonvl- 
^^idoWffYrlnhexylcarbonyll -L- tryptoph an methvlamide (30A,B) 
When {+) trans-l,2-cyclohexanedicarboxylic 
20 anhydride was substituted for cis-l,2-cyclohexane- 
dicarboxylic anhydride in Exantple 12, the identical 
process afforded the title con^jound 3QA.B . melting at 
167-174«»C, in 37% yield; (D)=0.57, 

25 pyamp2,e 1^ 

Preparation of N- f2-isobutyl-3* (N' -hvdr oxycarbonvl- 
amido) -prop ayoy'' 1 -L- tryptophan (31A) 
31A was prepared from 25A in Exaitqple 10 in a 
similar manner to the preparation of 5A in Exait^jle 1 in 
30 75% yield (128 mg) and isolated as a foam from ethyl 
acetate: Rf(F)=a.55, MS-FAB (m/z) (M"^ + H) . A small 
sample of 31A recrystallized from ethyl acetate had a 
melting point of 116-120**C. 
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r. I rnrpr -Inol-.^ii-Yl -c^rboxYpropanorT) -I- 

A mixture of 0.5 g (8.24 mmol) of 2^ in 0.4 inL 
5 of 2N potassium hydroxide in methanol was stirred 
overnight at room te^erature, then evaporated - 
under reduced pressure. The residue was diluted to 15 ml. 
with water and acidified to pH = 2 with IN ^y^^^^^ 
acid. The crude free acid of 2£h was taken up wxth ethyl 
10 acetate (3 x 15 ml) and the organic phase was dried over 
anhydrous magnesium sulfate and evaporated to dryness to 
give 0.45 g (92% yield) of 2^ as a colorless foam. 

Hydrogen gas was bubbled through a mixture of 
0 395 g (6.6 mmol) of the free acid of 26^ inl5 mL of 
15 methanol for 2 hr, in the presence of 0.12 g of 10% 

palladium on carbon at room temperature. The -^^^^^f 
was filtered off, washed with ethanol (2 x 20 ml) and the 
filtrate was evaporated to dryness under reduced pressure 
to give 0.3 g {92% yield) of the title cor^ound 12A as a 
20 colorless foam; Rf (6) - 0.08. 

T-i-vypt-nphanTm rrlyrine 34A,B 
25 The reaction of L-tryptophanyl- glycine methyl ester with 
acid 3.. performed as described for 25A gave crude 
N- [N- (D,L-2-isobutyl-3-methoxycarbonylpropanoyl) -L- 
tryptophanyll -glycine methyl ester 31 in 87% yield as a 
mixture of diastereomers 22E and 33fi. Isomers 33A and 
30 33fi were separated by flash chromatography (silica gel; 

ethyl acetate) . Isomer 23^ mp = 154-155-C; Rf (C) = 0.46. 

Esters 33A.B were transformed to free acids 
^4A.B by saponification with two equivalent of methanolic 



35 



wo 92/09563 PCT/US91/08722 



-37- 

potassium hydroxide, as described for 25A. Isomer 
yield 92%; mp = 96-102<»C; (G) = 0.31, 

Isomer iftE yield 93%; lap = 99-105<'C; 
Rf(G) = 0.25. 

5 

Examcple 17 

Preparation of N- (cis- 2 -car-box y- cyclohexvlcarbonyl ) - 
li- tryptophan methy lamide 35 
To a mixture of 0.281 g (1.82 ramol) of cis- 

10 1, 2-cyclohexanedicarboxylic anhydride and 0.47 g of the 
hydrochloride salt of li-Trp-KHMe in 0.5 mL of dimethyl- 
formamide 0.51 mL of triethylamine was added at room 
temperature. After 2 hr of stirring the resulting 
mixture was diluted to 10 mL with water and 25 mL of 

15 ethyl acetate was added. The resulting mixture was 

acidified to pH = 2 with 10% potassium bisulfate and the 
organic phase was washed with water (2 x 15 ml) , 
saturated sodium chloride and dried oyer anhydrous 
magnesium sulfate and evaporated to dryness. The title 

20 coit5)o\ind 35 was purified by crystallization from an ethyl 
acetate -hexane mixture. Yield 48%; mp = 105- 112 «C; 
Rf (G) = 0.65, 0.61. 

TC-rampl e 18 

25 Preparation of N- (trans-2-carbo xy-cvclohexvlcarbonvl) - 

L*trvpto p>ian ^Atfiylamide 36 
When ( + ) trans -1,2- cyclohexanedicarboxyl ic 
anhydride is substituted for cis-l,2-cyclohexajae- 
dicarboxylic anhydride in Exan^le 17, the identical 
30 process afforded the title compound 36 in 56% yield: 
mp = 167-174«»C; Rf (G) = 0.67, 0.61. 
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TCyample 19 

pr-^ p;,,^t-inTT of N- ^^-^i«oh1l^-vl-^-^N'-acetmfY^RrhonY^amj■dQ)- 
■pT-i-ipano yn -L -i-TTP*'-°P^^''^ ^IlA^-hv^ amide (37A) 

To 97.5 mg (0.25 nnaol) of 5A (Exan^le 1) in 0.5 
5 ml of diniethylformamide was added 25. S mg (0.25 mmol) of 
acetic anhydride and 37 mg (0-25 mmol) of 1,8- 
dia2abicyclo[5.4.0]undec-7-ene (DBU) at room temperature. 
After standing overnight, the DMF was evaporated under 
high vacuxan and the residue taken up in a mixture of 

10 equal volumes of ethyl acetate and 2% potassium 

bisulfate. The ethyl acetate layer was washed with 2% 
potassium bisulfate, water, and brine, dried over 
magnesium sulfate, and evaporated to give a solid. The 
solid was dissolved in a 1:1 mixture of hot ethyl 

15 acetate ihexane, which upon standing at room temperature 
gave 71 mg (66% yield) of solid product 12^: n?)=184- 
lae^C; Rf{G)=0.68. 



^le 20 

20 PT-^T,airafcion nf M= ^is o H„^y^ - (N' -benzoxycarbonyl^ipido) - 

TjtT-npano yn -L-t-rypfcoPb aTi methvl ami de (38A) 

TO 30.5 mg (0.25 mmol) . of benzoic acid in l ml 
of tetrahydrofuran was added 40.5 mg (0.25 mmol) of 
carbonyldiimidazole . After 10 minutes, 97 mg (0.25 mmol) 

25 of coB«)Ound 5A from Eticaii5>le 1 was added in 1 ml of 
dimethylf ormamide . After 10 minutes, the reaction 
mixture was evaporated to dryness under high vacuum, and 
dissolved in a mixture of equal volumes of ethyl acetate 
and water. The ethyl acetate layer was washed with 5% 

30 sodium bicarbonate, water, 2% sodium bisulfate, water, 

and brine, and dried over magnesium sulfate. Evaporation 
of the ethyl acetate layer to a small volume gave 50 mg 
(41%) of the title con^iound, 39^-; mp=187-1.87.5«»C; 
Pr(G) =0.54- 
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^@mQle_21 

Applying the methods set forth above, the 
following invention compounds are synthesized. 
5 EtONHCONMe-CH2CH(iBu) -CO-L-Trp-NHEt 

EtCONOH-CH2CH(iBu) -CO-L-Trp-NHEt 

n-PrC0N0Et-CH2CH{iBu) -CO-L-Trp-NHEt 

EtNHC0N0Me-CH2CH(iBu) -CO-L-Trp-NHEt 

MeNHC0N0H-CH2CH(iBu) -CO-L-Trp-NHEt 
10 EtONHCONMe-CH2CH(iBu) -CO-L-Ala (2 -naphthyl) - NHEt 

EtC0N0H-CH2CH{iBu) -CO- L- Ala (2 -naphthyl ) -NHEt 

n-PrC0N0Et-CH2CH(iBu) -CO-L-Ala (2-naphthyl) -NHEt 

EtNHC0N0Me-CH2CH(iBu) -CO-L-Ala (2-naphthyl) - NHEt 

MeNHC0N0H-CH2CH(iBu) -CO-L-Ala (2-naphthyl) -NHEt 
15 H0NHC0NHCH2CH{iBu) -CO-L-TrpNHMe 

HONHCONHCH2CH2CH(iBu) -CO-L-TrpNHMe 

HONHCONHCH (iBu) CO-L-TrpNHMe 

H2NCON(OH) CH{iBu) CO-L-TrpNHMe 

H2NCON ( OH ) CH2 CH ( iBu ) CO - L - TrpNHMe 
20 H2NC0N(0H) CH2CH2CH (iBu) CO-L-TrpNHMe 

CH3 CON ( OH ) CH ( iBu ) CO - L - TrpNHMe 

CH3CON (OH) CH2CH (iBu) CO-L-TrpNHMe 

CH3C0N{0H) CH2CH2CH{iBu) CO-L-TirpNHMe 

25 Example 22 

Assay of Inhibition Activity 
Inhibitors were assayed against crude or 
purified humsm skin fibroblast collagenase using the 
synthetic thiol ester substrate at pH 6.5 exactly as 

30 described by Kortylewicz & Galardy, J Med Chem (1990) 
33:263-273, The collagenase concentration was 1-2 nM. 
The compoxinds of Examples 1-18 are tested for their 
ability to inhibit crude collagenase and gelatinase from 
human skin fibroblasts, crude collagenase and gelatinase 
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from purulent human sputum in tliis assay. The results 
with respect to crude enzyme preparation are shown in 
Table 1. The Ki of 5A for purified human skin 
collagenase is 0.4 nM. Assays for inhibition of human 
5 stromelysin are conducted as described by Teahan, J., et 
al., R-i nchemistrv (1989) 20:8497-8501. 
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10 
150 
000 
500 
IS 
20 
30 
200 
300 
3 
13 
50 



Wo. ffannaoand 

1 5A NHOHC0CH2CH(i-Bu)CO-I»-Trp-NHMe 

1 SB NHOHC0CH2CH(i-Bu)CO-L-Trp-HHMe 

5 2 7A NHOHCOCH2Ca(i-Bu)CO-D-Trp-MHMe 70,000 

3 9A MHOHCOCH2CH<i-B«>*^°"^"**'*'*^"*"°'® 

4 llA IIHOHCOCH2CH(i-BU)CO-L-Ala(2-napil«iyl)NHIto IS 

5 13A IIHOHCOCH2CH(i-Bu)CO-L-Trp-NH(CH2)20H 

6 ISA IIHOHCOCH2CH(i-BU)CO-I.-Trp-NH(CH2)4CH3 
10 7 17A,B MHOHCOCHjCHd-BujCO-li-Trp-piperidine 

8 19A NHOHCOCH2CH(i-Bu)CO-L-Trp-NH(CH2) 11CH3 

9 21A HHOHCOCH2CH(i-Bu)CO-L-Trp-NH(S)CHMePli 

10 27A NHOHCOCH2CH(i-Bu)CO-L-Trp-NH(CH2)6HH-CBZ 

11 28A NHOHCOCH2CH{i-Bu)CO-L-Trp-NHcyclohexyl 

12 29A,B cis-NHOHCO >10,000 

L-Trp-NHMe 

20 13 30A,B trans-NHOHCO iX > 10, 000 

L-Trp-NHMe 

14 31A NH0HC0-CH2CH(i-BU)-L-Trp-OH ^00 

15 32A HOOC-CH2CH(i-BU)CO-L-Trp-NH(Ca2)NH2 >^0,000 
25 16 34A HOCO-CH2CH(i-Bu)CO-L-Trp-<5lY-OH >10,000 

34B HOCO-CH2CH(i-Bu)CO-L-TrT3-Gly-OH >10,000 

17 35 cis-HOCO 1/) >10,000 

30 " L-Trp-NHMe 

18 36 trans-HOCO -^Cj) >10,000 

L-Trp-NHMe 
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g-ii;aniple 21 

Pr-^v^ntio ^ rnmecLl TTl rprafi on in thes 
ai ^f^lT Bu ^'^'^ Rabbit Cornea 
■me ability of tbe invention compounds to prevent 
5 ulceration has been confirmed by a corneal assay 

conducted by Gregory Schultz, University of Florida, 

Gainesville , FL . 

Twenty rabbit eyes were burned for 60 seconds wxth 

1 N NaOH to a diameter of 10 mm. The ten control eyes 

10 were treated with two drops of hypotonic buffer every two 
hours from 8 iiM to 6 PM, and then with a subconjunctival 
injection of 0.5 mL of buffer in the evening. The 
experimental eyes were treated identically but with 
400 iig per mL inhibitor in buffer. Eyes were scored 

15 clinically with 0 being no ulceration and 5 equalling 
perforation of the cornea. Figure 1 shows average 
clinical score over 26 days. The compound 5A shows 
n^ked protection of the cornea from perforation. Figure 

2 shows percent of corneas not perforated over 26 days; 
20 con?>o\ind 5A shows 100% protection. 

A histological examination of the treated and 
untreated corneas showed the following: 

Perpendicular sections though the corneas of rabbits 
were examined 28 days following severe alkali injuries 
25 which were made by exposing the corneas of anesthesized 
rabbits to 2 N sodium hydroxide for 60 seconds in a 12.5 
am diameter well. Following injury, rabbits were treated 
topically with 2 drops every other hour between 8 AM and 
6 PM followed by a subconjunctival injection of 0.5 mL of 
30 collagenase inhibitor of formula 5A or vehicle (50 mM 
Hepes, Antibiotics) . 

The cornea of a rabbit treated with collagenase 
inhibitor shows lamellae that have begun to repopulate 
with keratocytes which have most likely migrated from the 
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uninjured peripheral cornea and sclera. The strcama also 
contains some inflammatory cells presumably macrophages 
which have migrated into the injured cornea. There is 
little evidence for disruption of the extracellular 
5 matrix of the stromal lamellae and there is no evidence 
of significant extracellular matrix destruction. The 
epithelium in this section has resurfaced the cornea, 
although the epithelium is tenuously attached as 
evidenced by the separation of the sections of the 

10 epithelium from the underlying stroma. There is no 
evidence of neovascularization of this part of the 
cornea. The endothelial surface has not regenerated and 
Descemet's membrane has separated from the stroma in a 
cloudy cornea which lacks persistent and complete 

15 epithelial regeneration and also laclcs significant 
stromal ulceration. 

Cornea treated only with vehicle shows a dominant 
appearance of extensive degradation of the stromal matrix 
smd the presence of massive inflammatory cell infil- 

20 trates. These inflammatory cells most probably are 

macrophages and neutrophils. The stromal lamellae have 
digested in this section approximately two- thirds of the 
complete depth of the stroma, and in adjacent sections, 
erosion has occurred to Descemet's membrane. The stroma 

25 appears to have a frayed appearance at the edge where the 
inflammatory cell infiltration is most extensive. 
Fracture lines running through the stroma suggest a 
general weakening of the extracellular matrix. In this 
section of the cornea there is no evidence of neovas- 

30 cularization, epithelial cells, or endothelial cells. 

Fragments of endothelial cells are present on Descemet's 
membrane together with inflammatory cells in the anterior 
chamber fluid. Few if ajiy keratocytes can be identified 
in the stroma. This microscopic section is generally 



wo 92/09563 



PCrAJS91/08722 



-44- 

Gonsistent with the results of slit larr?) microscopy which 
indicated that the cornea had extensive ulceration and 
peripheral neo vas cular i zat ion . 

Overall, the histopathology of these two sections 
5 suggest that a major effect of the collagenase inhibitor 
in preventing ulceration is due to a reduction in the 
inflammatory cell filtration into the alkali injured 
cornea. Furthermore, this section suggests that repopu- 
lation of the stroma in the collagenase inhibitor treated 
10 corneas has begun and incomplete epithelial regeneration 
of a transient nature has begun on the epithelial surface 
with no regeneration of the endothelium. 
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Claims 



1. A compound which inhibits at least one 
mammalian matrix metalloprotease, said cort5>oiind having 
5 the formula: 

-CHCON-CHCOX 




r2 i^R^ 



or 

Y - / CH \ - C=CCON - CHCOX 



Wherein each is independently H or alkyl (1- 
8C) and is allcyl (1-8C) or wherein the proximal R^ and 
R^ taken together are *(CH2^p' w^ie^rein p = 3-5; 

R^ is H or alkyl (1-4C) ; 

R^ is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
n is 0, 1 or 2; 
m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or substi- 
tuted or unsubstituted alkyl (1-12C) , aryl (6-12C) , aryl 
alkyl (6-16C); or 

X is an amino acid residue or amide thereof; or 

X is the residue of a cyclic amine or hetero- 
cyclic amine; 

Y is selected. from the group consisting of 
r'^ONR^CONR^-, R^2^*^0^0^'^' ' R^CONOr"^-, wherein each R^ 

is independently H or lower alkyl {1-4C) ; R*^ is lower 
alkyl (1-4C) or an acyl group; and 
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wherein -CONR^- is optionally in modified 
isosteric form. 

2 The con?>ound of claim 1 wherein is H, 
5 and/or all are H and r'' is H or acyl, and/or R is H 
and/or R^ is alkyl (3-8C) and/or X is NHR^ or the^residue 
of a cyclic amine or heterocyclic amine, and/or R is 
selected from the group consisting of 1- (2 -methyl 
naphthyl) methylene; 1-quinolyl methylene; 1-naphthyl 

10 methylene; 2-naphthyl methylene; l-isoquinolyl methylene; 
a-isoquinolyl methylene; 3 - thionaphthenyl methylene; 
3-cumaronyl methylene; 3- (5 -methylindolyl) methylene; 
3- ( 5 -hydroxyindolyl) methylene; 3- (2-hydroxyindolyl) - 
methylene; biphenyl methylene; (3 -indolyl) methylene; and 

15 4-phenylpyrimidyl methylene; and the substituted forms 
thereof, and/or n=l. 

3, The compoxind of claim 2 wherein R is ^ 
isobutyl. 2-methylbutyl, or isopropyl, and/or X is NHR 
and wherein R^ is alkyl (1-4C) ; a substituted alkyl (1-4C 
substituted with one hydroxyl group) ; aryl alkyl; or a 
substituted alkyl (2-7C substituted with phenylmethoxy- 
carbonylamido) , and/or R* is (3 -indolyl) methylene or xts 
N-acylated (1-5C) substituted form. 



4. The con5.ound of claim 1 which is selected 

from the group consisting of: 

EtONHCONMe-CHjCH (iBu) -CO-L-Trp-NHEt 

EtC0N0H-CH2CH (iBu) -CO-L-Trp-NHEt 
30 n-PrCONOEt-CHjCHCiBu) -CO-L-Trp-NHEt 

BtNHC0N0Me-CH2CH ( iBu) - CO-L-Trp-NHEt 
MeNHC0N0H-CH2CH(iBu) -CO-L-Trp-NHEt 
EtONHCONMe-CH2CH(iBu) - CO- L- Ala (2 -naphthyl) -NHEt 
EtC0N0H-CH2CH(iBu) - CO- L-Ala (2 -naphthyl) -NHEt 
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n-PrC0N0Et-C3l2CH(iBu) -CO-L-Ala (2 -naphthyl) -NHEt 
EtNHCONOMe-CHjCHdBu) -CO-L-Ala (2 -naphthyl) -NHEt 
MeNHC0N0H-CH2CH(iBu) -CO-L-Ala (2-naphthyl) -NHEt 
HONHCONHCnijCHdBu) -CO-L-TrpNHMe; 
5 H0NHC0NHCH2CH2CH(iBu) -CO-L-TrpNHMe; 

HONHCONHCH ( iBu ) CO - Ii - TrpNHMe ; 
H2NCON(OH) CH (iBu) CO-L-TrpNHMe; 
N(OH) CH2CH{iBu) CO-L-TrpNHMe; 
H2NCON (OH) CH2CH2CH (iBu) CO-L-TrpNHMe; 
10 CH3CON(0H)CH(iBu)CO-L-TrpNHMe; 

CH3C0N(0H) CH2CH (iBu) CO- L- TrpNHMe; and 
CH3C0N(0H)CH2CH2CH(iBu) CO-L-TrpNHMe. 

5, The coi^ound of claim 1-4 conjugated to a 
15 moiety which is a radioactive label, an antigenically 

neutral carrier, a targeting ligand, or a solid support. 

6. A pharmaceutical composition effective in 
treating conditions characterized by unwanted matrix 

20 metalloprotease activity, which con?)osition con5>rises an 
amount of the con?>ound of claim 1-4 effective to inhibit 
said matrix metalloprotease activity in admixture with a 
pharmaceutically acceptable excipient. 

25 7. The use of the coii?>oimd of claim 1-4 or a 

pharmaceutical coi!5)osition thereof to treat conditions 
chciracterized by unwanted matrix metalloprotease 
activity, wherein said condition is selected from the 
group consisting of stomach ulcers, superficial wounds, 

30 epidermolysis bullosa, skin cancer, pen?)higus, septic 
shock and ARDS. 

8. A method to inhibit matrix metalloprotease 
activity in vitro or in cell culture, which method 
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coir5)rises contacting the matrix metalloprotease to be 
izihibited with an effective amoimt of the compound of 
claim 1-4- 

5 9- An antibody preparation specifically 

immunoreactive with the confound of claim 1-4. 

10- A method to assess the level of the 
compound of claim 1-4 in a biological sample, which 
10 method comprises contacting the sample with an antibody 

preparation specifically immunoreactive with the compound 
of claim 1-4 under conditions wherein said antibodies 
complex with said coit5)ound if present, and 

detecting the presence or absence of the 

15 complex- 

11. A method to prepare a coit5)ound of the 

formula: 

20 y-/ch\ -CHCON-CHCOX 



30 




or 



Y-/ CH\ -C=CCON-CHCOX 



wherein each R^ is independently H or alkyl (l- 
8C) and R^ is alkyl {1-8C) or wherein the proximal R-^ and 
R^ taken together are - (CH2)p- wherein p = 3-5; 

R^ is H or alkyl (1-4C) ; 

R^ is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
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n is 0, 1 or 2 ; 
m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or s\ibsti- 
tuted or xmsubstitnted alkyl (1-12C) , aryl {6-12C) , aryl 
5 alJcyl (6-16C); R*^ is lower alkyl (1-4C) or an acyl group, 
or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; 

10 Y is r'^ONR^CONR^- , wherein each R^ is 

independently H or lower al3cyl {1-4C) ; R*^ is lower alkyl 
(1-4C) or an acyl group; and 

wherein -CONR^- is optionally in modified 
isosteric form, 

15 which method comprises reacting a corrqpound of 

the formula: 



20 



25 



ROCONR^-/caA -CHCON- CHCOX 

I2 I3I. 
R^ R^R 




2 1314 



or 

ROCONR^ - /cH A- C=CCON- CHCOX 



IJ I1I2 I3I4 
R-*-; R-^R^ R^R* 



wherein R is H or allcyl and the remaining 
substituents are as above defined, with a coir5)ound of the 
formula 

R*^ONR^H, 

7 g 

wherein R and R are as sibove defined under 
conditions which permit the formation of the coitrpound of 
formula 1 from the confound of formula 3 and of formula 2 
from the compound of formula 4. 
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12. A metJaod to prepare a compounci of the 

formula: 

Y-/ ch\ -CHCON-CHCOX 
1 2 I3I 4 



or 

10 y-/ch\-c=ccon-chcox ^ " 

ll I1I2 l3i4 
R^y R-^R^ R^R^ 



wherein each R^ is independently H or alkyl (1- 
15 8C) and R^ is alkyl (1-8C) or wherein the proximal R^ and 
r2 taken together are -(CH2)p- wherein p 3-5; 
R^ is H or alkyl (1-4C) ; 

R^ is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
20 n is 0, 1 or 2; 

m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or substi- 
tuted or unsubstituted alkyl (1-12C), aryl {6-12C) , aryl 

cLlkyl (S-16C) ; or 
25 X is an amino acid residue or amide thereof; or 

X is the residue of a cyclic amine or hetero- 
cyclic amine; 

Y is R*^ONR^CONR^-, wherein each R^ is 
independently H or lower alkyl {1-4C) ; r"^ is lower alkyl 
30 (1-4C) or an acyl group; and 

wherein -CONR*^- is optionally in modified 

isosteric form, 

which method coic^rises reacting a . compound of 

the formula: 
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HNR^-/ch\ -CHCON-CHCOX 



>^ n 



(5) 



5 



or 



HNR^ -f Ch\ - C<=CCON- CHCOX 



Ij 1^2 i3l4 
\ R-y R-^R R R 

m 



(6) 



10 



wherein the indicated substituents are as above 



with a carbonylating agent followed by reaction 



r'^ONR^H, 

wherein in r'' and R^ are as above defined, 
under conditions which permit the formation of 



the con5)ound of formula 1 from the conpound of formu. 
and the coic5)ound of formula 2 from the compound of 
formula 6 . 

13 . A method to prepare a compoxuid of the 

formula: 



.defined. 



with a con?>ound of the formula 



25 




(1) 



or 



30 




(2) 
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wherein eacH is independently H or alkyl (1- 
8C) and is alkyl (1-8C) or wherein the proximal R^ and 
r2 taken together are -{CH2)p- wherein p - 3-5; 

R^ is H or alkyl {1-4C) ; 
5 R^ is fused or conjugated unsubstituted or 

substituted bicycloaryl methylene; 

n is 0, 1 or 2; 

m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or substi- 
10 tuted or xinsubstituted alkyl {1-12C) , aryl (6-12C) , aryl 

alkyl {6-16C) ; or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; and 
15 each R^ is independently H or lower alkyl (1- 

4C); R*^ is lower alkyl (1-4C) or an acyl group; and 
wherein -CONR^- is optionally in modified 

isosteric form, 

which method conqorises reacting a compound of 

20 the formula: 



25 



30 



R*^ONH- /CH \ -CHCON-CHCOX 

I. 
R 



1^ ) i= 



n 

or 




r'^013H- / CH\ -C«CCON-CHCOX 

I1I2 I3I4 
R-^R-^ R-^R* 



wherein the indicated stibstituents are as above 

defined, 

with silicon tetraisocyanate under conditions 
wherein the conpound of formula 1 is obtained from the 
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con5)Oiind of formula 7 or the compound of formula 2 is 
obtained from the con^oiind of formula 8, 

14. A method to prepare a compound of the 

5 formula: 



10 



15 



20 



25 



30 



R^CONOR*^-/ CH \ -CHCON-CHCOX 




r2 ^3^4 



or 

Conor''- /c3i\ -c=ccon-chcox 



(1) 



Wherein each R-*" is independently H or alkyl (1- 
8C) and R^ is allcyl (l-SC) or wherein the proximal R^ and 
r2 taken together are -(CH2)p- wherein p = 3-5; 

r3 is H or alkyl (1-4C) ; 

r^ is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
n is 0, 1 or 2; 
m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or substi- 
tuted or unsubstituted alkyl (1-12C) , aryl (6-12C) , aryl 

alkyl (6-16C) ; or 

X is an amino acid residue or amide thereof; or 

X is the residue of a cyclic amine or hetero- 
cyclic amine; 

each R^ is independently H or lower alkyl (1- 
4C) ; r"^ is lower alkyl (1-4C) or an acyl group; and 

wherein -CONR^- is optionally in modified 
isosteric form. 
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wliicli method coirrprises reacting a confound of 
tlie formula: 



mOR^'f CH \ -CHCON-CHCOX 



(9) 



or 



HNOR^/cHYc=CC01|r-CHCOX ^^^^ 



wherein the indicated substituents are as above 



defined. 



with, the compound of the foimula, 
R^CO-L, 

wherein L is a leaving group and R^ is as above 
defined under conditions wherein the con?)ound of formula 
1 is obtained from the con^jound of formula 9 and the 
compound of formula 2 is obtained from the compound of 
formula xo. 



formula: 



15. A method to prepare a compound of the 



r^hnconor'^/ch\ -CHCON-CHCOX . 
ilj I? r4* 



or 

3 0 R^HNCONOr'' -/cH 1 - C=GCON- CTCOX 



rV r^r^ r-*r* 



'm 
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wherein each is independently H or alkyl (1- 
8C) and is alkyl (1-8C) or wherein the proximal R^ and 
R^ taken together are -(CH2)p- wherein p = 3-5; 

R^ is H or alkyl (1-4C) ; 
5 R^ is fused or conjugated unsubstituted or 

substituted bicycloaryl methylene ; 

n is 0, 1 or 2 ; 

m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or sxihsti- 
10 tuted or unsubstituted alkyl (1-12C) , aryl (6-12C) , aryl 

alkyl (6-16C); or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; and 
15 is lower alkyl {1-4C) ; r"^ is lower alkyl (1- 

4C) or an acyl group; and 

wherein -CONR^- is optionally in modified 

isosteric form, 

which method comprises reacting a compound of 

20 the formula: 



25 



30 



r'^ONH- / CH \ -CHCON- CHCOX 



(7) 



or 



r'^ONH- / Ch\ -C=CC0N- CHCOX 



(8) 



R-*-/ R-^-R^ R^R 
m 



defined. 



wherein the indicated substituents are as above 



with a compoxind of the formula, 
R^NCO, 
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wherein is alkyl (1-4C> , 
iznder conditions wherein tlie coit^oxmd of 
formula 1 is obtained from tlie con5)oxind of formula 7 or 
the comgojjnd of formula 2 is obtained from the compound 
5 of formula 8. 



20 



25 



30 



X6- A method to prepare a con?)ovind of the 



formula: 



10 R^oNCONOr'^VcH \ -CHCQN-CHCOX 

ll I2 '3U 



(1) 



n 
or 



R^^NCONOr'^ -/chV C=CCON- CHCOX 

rV r^r-^ r-^r* 



m 



wherein each R^ is independently H or alkyl (1- 
8C) and R^ is alkyl (1-8C) or herein the proximal R^ and 
R-^ taken together are -(CH2)p- wherein p = 3-5; 

R^ is H or alkyl {1-4C) 7 

R^ is fused or conjugated xinsxibstituted or 
sxibstituted bicycloaryl methylene; 
n is 0, 1 or 2; 
m is 0 or 1; and 

X is OR^ or NHR^, wherein R^ is H or substi- 
tuted or unsubstituted alkyl (1-12C), aryl (6-12C) , aryl 

alkyl (6-16C); or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; and ^ 

each R^ is independently lower alkyl (1-4C) ; R 
is lower al]^l(l-4C) or an acyl group; and 
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wherein -CONR^- is optionally in modified 
isosteric form, 

which method conprises reacting a compound of 
the formula: 




r'^ONH- / CH \ -CHCON-CHCOX 



or 

r'^ONH- /CH \ -C«CC0N-CHC0X 



(7) 



R-^ / R-^R^ R^R^ 
m 

^5 wherein the indicated substituents are as above 

defined, 

with an activated form of carbonic acid and 
then with a coir^oimd of the foanuula, 
R^2NH, 

20 wherein each R^is independently alkyl (1-4C) , 

under conditions wherein the compound of 
formula 1 is obtained from the compound of formula 7 or 
the compound of formula 2 is obtained from the compound 
of formula 8. 
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l^q^l "ri^^.T^ li^i^"^"' p^=i;Ji^ii 

compositions (1.6) and methods of use thereof in clSia?: 

j^VwtTIQWg H- VI drawn to compounds with ceirtaln ai>ha*. 

f^*ir^°V''.r°"P^ "^f* ^" 2' but 'also cont^S^S^in I2S 

Jiai!? ?[ compositions (cl6) and methods of use thereof in 

Hi V WfT IQM_H-ha ving isoquinolul groups 
^SSBHXXSaLJIX- quinolul groups 

XliYBfl«QWm- pyrimidinyl groups 

TMVfc«¥lQffiLZ- comarinyl groups 

irclliS*!?' heterocyclic groups as defined by 

immi^a-ja-having other heterocyclic groups as embraced by 
^st^t^kr^ns'^l^^S^^SSTSr^^- ^ con^Vsit^ions and oJSo^s 

gSgrgSed?;^ «;ip?. ""^"^^ ^^^^^ confounds with 

ii«Li*2f„^i^=c"''^''^° amines- are present and include at least 
piperidinyl as named at page 8, line 21 of the specification and 
con5)08itiona and methods of use there of as in clliS 6 tnd 

W/^V i OSa mi-Wm - to certain indolyl and other compounds with 

!S ?n„ff2f* ''^'^ hete/ocyclic aminestrT^esent 

and xnclude at least morpholinyl and compositions (page B. line 23 
Of specification) and methods of use thereof (claiS 6 and ?"? 

fS/J???^*^^ WI-ftfl M- to biochemical conjugates of teh conmound 
o^n?^}"*^, °* groups I-XVIII as embrac^ in claims i^^d 
specifically referred to in claim 4 , as embraced by claim 5 . 

iS^iSa*''?? fyHfr^'"^; ^ methods of inhibiting metallo protease 
i ^ ?r ? H°. . f i®^^ cultures (in vivo) using con?)ounds embraced in 
SJt^.j^WI? ^^"^ ^ ^ embraci^ the compounds in 
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comzBUKSicM awsn # 2 

mvgmioiig LV-Lmi - to various inrmuno reactive anti-body 
preparations of the conqpounds of claims 1-4 as set forth in claim 
9 «ibracing the. confounds of I-LXXII as set forth above « 
Inventions LXXIli-LC to method (s) of assaying antibodies by 
conplexes thereof with the con^ouzids of claims 1-4, and as set 
forth in claim 10. 

IHVENTIOKB LCi^LCVl - to six materially different methods of 
preparing the con^oxinds of claim 1 as enumerated by claims 11-13 
respectively. The above enumerated ninety-six (96) inventions lack 
iinity of invention since they do not form a single inventive 
concept in that a reference for any one of the ccnqoound 
compositions and method of use inventions of the groups would not 
render obvious suxy other, and searches for the various inventions 
are not coextensive. 

The conjugate inventions of XIX-X3CXVI are obviously distinct 
from Invitro matrix and cell cxxlture matrix metallo protease 
inhibition as are the immuno-reactive antibody and assaying methods 
inventions . 

The materially different method of Groups LXXIZI-LC of claims 
11- 1€, for preparing variously the confounds of claim 1 are 
evidence each of these six methods is distinct from each other and 
each from any of teh confounds of Inventions I -XXXI prepared 
thereby. For the above reasons, lack of unity of invention has 
been shown in accordance with 37 CFR 1.481(d) so that the above 
identified inventions are patentably distinct, have acquired a 
separate status in the art^ and require different fields of search. 

It is noted that the additional searches for the ninety-five 
additional inventions requires payment of $15,200.00 (95 x $160.00) 
(somewhat hi^er than the $150. 00/ invention previously). This 
draft copy was necessitated by the need to provide in writing as 
soon as possible the unity of invention invitation. Ms. HUrashige 
indicated in a telecon 3/4/92 that it would be decided shortly 
after a fax copy was received and that they would promptly notify 
the examiner as to their decision. 

On Tuesday March 10, 1992 in a telephone conversation with 
Atty. , Ms. Murashige additional fees were not authorized but it was 
requested all species of claim 4 and 6&7 corresponding to 
compositions and methods thereof be searched to which the examiner 
agreed necessitating the modification of this invitations as herein 
to include all species into invention I. Thus naphthyl substituted 
hydroxamic acids & esters 562/623 and 560/312 as well as 
corresponding 514/507 and 514/575 were searched. 



